In feature integration theory (FIT; A. Treisman & S. Sato, 1990) , feature detection is driven by independent dimensional modules, and other searches are driven by a master map of locations that integrates dimensional information into salience signals. Although recent theoretical models have largely abandoned this distinction, some observed results are difficult to explain in its absence. The present study measured dimension-specific performance during detection and localization, tasks that require operation of dimensional modules and the master map, respectively. Results showed a dissociation between tasks in terms of both dimension-switching costs and cross-dimension attentional capture, reflecting a dimension-specific nature for detection tasks and a dimension-general nature for localization tasks. In a feature-discrimination task, results precluded an explanation based on response mode. These results are interpreted to support FIT's postulation that different mechanisms are involved in parallel and focal attention searches. This indicates that the FIT architecture should be adopted to explain the current results and that a variety of visual attention findings can be addressed within this framework.
Over the past three decades, the visual search paradigm has been widely used to study visual attention. In a visual search task, participants are first instructed about the defining features of a target that they are going to look for. The target then might or might not be displayed amidst a number of distractors, and participants are asked to respond to its presence or absence. Early studies of this task by Treisman and colleagues (Treisman & Gelade, 1980; Treisman, Sykes, & Gelade, 1977) showed an apparent dichotomy in the efficiency with which attentional processes could detect the target. When a target was defined on the basis of a single perceptual dimension (e.g., color, orientation, size, etc.; see Garner, 1970) , search was often very efficient and independent of set size. On the other hand, when a target was defined on the basis of multiple perceptual dimensions (e.g., a blue X among red Xs and blue Os), search was often inefficient and described well by a linear function relating search speed and set size.
This dichotomy matched Neisser's (1967) distinction between preattentive and attentive processes. Accordingly, Treisman proposed a two-stage model of visual attention, called feature integration theory (FIT). In the preattentive stage, primitive features, such as color, orientation, and size, were analyzed. Stimuli defined in each of these perceptual dimensions were handled by distinct analyzers (Garner, 1974; Treisman et al., 1977; Zeki, 1976) , usually referred to as dimensional modules. The registration of features by these modules was assumed to be spatially parallel (Treisman & Gormican, 1988) , and information obtained could be used to produce responses. Therefore, if the target feature could be identified within a single dimension, responses were predicted to be independent of set size. However, if the target was not identifiable without taking into account multiple dimension-specific signals, focal attention was required to integrate features from each relevant dimension. In this case, searches were assumed to be inefficient, and search speed was predicted to be dependent on set size, because focal attention operated on one item (or group of items) at a time.
However, the dichotomy in FIT was quickly proven problematic, as reports emerged of conjunction searches that were highly efficient (Nakayama & Silverman, 1986; Wolfe, Cave, & Franzel, 1989) . In response to these findings, FIT was revised to address the role of attentional guidance by a master map of locations (Treisman & Sato, 1990) . In the revision, it was suggested that signals from all the dimensional modules were integrated onto the master map in parallel, and focal attention was deployed according to the activities on the master map. In conjunction searches, where a target was defined by two or more dimensions, an appropriate top-down setting was proposed to help inhibit locations that did not match target definitions, ending up with a pattern of master map activity that could effectively guide attention. In general, activations on the master map reflected the relative salience of each location and were assumed to have been stripped of their original dimensional identity. Despite the revision, however, FIT remained a dichotomous account, which assumed that dimensional modules directly drove search when a target was detected within a single dimension (a simple search).
An alternative proposal to account for efficient conjunction searches was offered by Wolfe and colleagues (Wolfe, 1994; Wolfe et al., 1989) , whose guided search (GS) model also emphasized the role of attentional guidance by the master map. However, whereas FIT proposed a discontinuity between dimensional modules and the master map, GS took a unified approach to explain both simple and conjunction searches, which relied on the master map guiding attention during simple and conjunction search tasks, with dimensional modules playing no direct role in response initiation. Subsequently, visual attention studies have largely adopted the GS framework, that a general saliency map drives all search tasks (e.g., Cave, 1999; Duncan & Humphreys, 1992; Itti & Koch, 2000; Müller, Heller, & Ziegler, 1995; Nothdurft, 2002; Wolfe, Butcher, Lee, & Hyle, 2003) .
Despite its popularity, a strict interpretation of the GS model makes several predictions that seem at odds with empirical data. In the model, all searches are driven by the activity of the master map, which does not signal original dimensional identity of a stimulus. This means that a salient distractor feature may falsely activate the map and capture attention when it is wrongly guided by master map activity to the distractor location. The problem with this interpretation of the GS model is that attentional-capture effects are often not observed in tasks requiring identification of targets that can be differentiated from distractors on the basis of a single perceptual dimension, such as color or shape, hereafter referred to as simple tasks (e.g., Kumada, 1999) . A similar interpretation of the model also expects that between-distractor dissimilarity within a nontarget dimension should slow down search in the same way as between-distractor dissimilarity within a targetdefining dimension slows down search (Duncan & Humphreys, 1989) . However, reports have shown that only within-dimension distractor variations, but not cross-dimension variations, interfere with search speed (Treisman, 1988) .
The GS prediction of cross-dimension attentional capture is usually only found in compound search, which is a modified visual search task. In compound search, responses are based upon a subtle aspect of the target, so that focal attention must be deployed to the target before response (Duncan, 1985) ; this deployment of focal attention to locate the target requires the operation of the master map of location. With this search task, Theeuwes (1991;  see also Theeuwes, 1992 Theeuwes, , 1994 had participants search for a target according to its surrounding shape. Instead of the presence or absence of the target, responses were made according to the orientation of a bar inside the shape. Whereas most of the distractors shared a common shape and color, one of the distractors was a singleton that had a unique color. Theeuwes (1991) found that search speed was slowed by the introduction of this crossdimension singleton distractor (the distractor was unique in a nontarget dimension). Kumada (1999) replicated this crossdimension attentional-capture effect in another compound task. However, as noted, he was not able to find an attentional-capture effect in a simple task.
In the presence of attentional capture within a compound task, its absence in a simple task is problematic for the GS model. If simple and compound searches go through the same set of visualprocessing steps, it is unclear why attentional capture occurs in one task but not in another. One possible solution would be to adopt the FIT approach, in which simple and compound tasks do not necessarily go through the same set of processing steps. While the use of the master map is necessary for completion of a compound task because it requires locating the target and integrating input from multiple dimensions, it is not necessary for a simple task because here the response is based upon a single perceptual dimension. By assuming that dimensional modules directly initiate responses in simple searches, the lack of cross-dimension interference can be attributed to the independence of the modules. However, because the compound tasks assume the use of a master map that is based on multiple dimensional inputs, cross-dimension interference and attentional-capture effects are expected to occur.
Another class of findings that support this analysis is the dimension-switching cost observed when targets are defined in one dimension on some trials and in another dimension on other trials. In simple search tasks, Müller, Heller, and Ziegler (1995) and Treisman (1988) compared single dimension searches with multiple dimension searches. They found that search speed was slower when targets were defined in varying dimensions. Found and Müller (1996) later performed a trial-by-trial analysis in multipledimension simple searches and found slower response times (RTs) when target dimensions changed from one trial to another relative to trials with which the target dimension was unchanged. Treisman (1988) explained this finding in terms of FIT, by proposing that the dimension-switching cost reflects the time taken to shift (featurebased) attention between each dimensional module. The same dimension-switching effect has also been studied in compound search (Krummenacher, Müller, & Heller, 2002b; Kumada, 2001) ; however, contrary to the findings with simple search, dimensionswitching costs were either absent or relatively small. This difference in dimension switching between simple and compound tasks, we argue, supports the hypothesis that distinct mechanisms are involved in performance of the two tasks. In a simple task, a dimension-switching cost reflects the shift between dimensional modules; and, in a compound task, the lack of dimensionswitching costs suggests that the search is consistently driven by the same master map.
Despite the ability of FIT to account for these findings, theorists have generally adopted alternative models. One such approach has the GS model as its foundation; we term this possibility the search-based approach. For instance, Found and Müller (1996) proposed the dimension-weighting account, which assumes that sufficient weight must be assigned to the task-relevant dimension in each trial so that the signal on the master map is sufficiently amplified. This suggestion provides a mechanism by which the GS model may explain dimension-switching costs, because, in a visual search task where target dimensions change, responses might be delayed until the weight for dimensions was properly adjusted. For attentional capture, the dimension-weighting account may also explain the lack of cross-dimension interference as long as the dimensional weights are properly set.
Although the dimension-weighting account explains both the lack of attentional capture and the presence of dimensionswitching effects observed in simple tasks under the GS model, the account is still problematic in explaining the discrepancies of these effects between simple and compound tasks. One way to address this problem is to attribute the discrepancies to the difference of focal attention involvement between the two tasks. For example, Krummenacher, Müller, & Heller (2002b) have suggested that in compound tasks, the need to shift attention from the targetdefining feature to the subtle, response-defining feature may in-fluence the dimension-weighting process for each trial. If dimensional weights were less optimally set in compound tasks for this reason, one may be able to explain the stronger attentional capture and the weaker dimension-switching effects found by this task, relative to those observed in simple tasks. Similarly, compound tasks tend to be more difficult and to require attention at a fine spatial scale whereas simple tasks tend to be easier and to require only diffuse attentional focus. In our view, these extraneous task differences could also cause differences for dimension weighting in simple and compound tasks. In Experiment 1, we attempted to tease apart the FIT explanation from the GS-dimension-weighting explanation by dissociating the need for location information and the need for focal attention in several search tasks while measuring dimension-switching costs.
Experiment 1
Experiment 1 was designed to examine whether focal attention leads to a reduction in dimension-switching costs, as suggested by search-based approaches, in order to account for differences between simple and compound search tasks. Our alternative hypothesis, based on FIT, is that the main determinant of any dimensionswitching cost is whether search is driven by early dimensional modules or the later master map.
The general rationale of Experiment 1 was to design a task that mimicked a simple search task in terms of focal attention involvement (so the task should be accomplished with diffused, coarsescale attention), but at the same time was similar to compound search by forcing participants to engage the master map for the task (so accomplishing the task should require location information). To serve this purpose, we designed a left-right task in which participants indicated whether a target was presented on the left or right side of the display. According to FIT, responses from dimensional modules are determined by summing activation from across space (Treisman & Gormican, 1988) . Accordingly, location information is discarded in order to make the response. On the other hand, the master map retains location information (in order to facilitate movement of attention across the display). If FIT is a valid model of visual search, we predict the left-right decision task should require the use of the master map; however, it does not require focal attention, because deciding whether a target appears on the left or on the right does not require any precise spatial localization. Unlike the situation in compound search, participants in this task do not need to focus on the target and then switch attention to a subtle feature. In this aspect, the left-right task is relatively well matched to a simple, feature-detection task.
In Experiment 1, dimension-switching costs were measured by intertrial analysis in a simple task, a compound task, and a leftright task. In all of these tasks, targets were either uniquely colored or uniquely oriented. In the simple task, participants indicated whether a target was present. In the left-right task, participants decided whether a target appeared on the left side or the right side of the display. In the compound task, participants responded to whether a target was upright ("i") or inverted ("!"). Search displays are illustrated in Figure 1 . Both FIT and a search-based account expect dimension-switching costs to be observed in the simple task and not in the compound task. For the left-right task, FIT expects a lack of dimension-switching cost because search is assumed to be driven by the master map, whereas the search-based account would expect a dimension-switching cost because it resembles a simple task in every relevant attentional requirement.
Method
Participants. Twelve undergraduate students, 8 men, 4 women, from the University of Hong Kong participated in Experiment 1. One participant failed to follow instructions in the simple task (100% miss rate for color trials), and her data were replaced. All participants reported normal or corrected-to-normal vision. They were paid HK$25 for a half-hour session.
Apparatus and stimuli. The stimuli were presented on a computer display in a dimly lit room. Participants viewed the display from a distance of approximately 57 cm. Search items were distributed in a 23.8°(in visual angle) wide, 17.4°tall, 6 ϫ 4 matrix, which formed 24 equally sized cells. The center of each item was never closer than 0.92°from its cell border, and only one item was randomly located within each cell. For target-present trials, the target could appear in any of the cells, except that it never appeared in the two central columns in the left-right task, so as to avoid any perceptual ambiguity. Each search item was a bar of height 1.17°a nd width 0.22°. Each bar was broken between 0.22°and 0.37°f rom its top, forming a horizontal gap of height 0.15°and producing a stimulus that resembled the letter "i." Half of the bars were then rotated 180°(resembling an exclamation mark "!"). Upright and inverted bars were randomly distributed in the matrix. In color target trials, the target was red and the distractors were gray. In orientation target trials, all items were gray; the distractors were vertical, and the target was rotated anticlockwise by 30°.
Procedure. Participants were asked to respond accurately and quickly. At the beginning of each trial, a fixation cross was shown on a dark background in the center of the screen for 500 ms to 1,500 ms (the exact duration was randomly determined to avoid prediction of target onset). After a blank interval of 50 ms from the disappearance of fixation, a visual search display was shown until response or until 3 s had elapsed. After completion of a trial, there was an intertrial interval of 500 ms.
In the simple task, participants pressed the Left button of a computer mouse when they saw a target; otherwise, they pressed the Right button. In the left-right task, the Left button was pressed when a target appeared on the left side of the fixation cross, and the Right button was pressed when a target appeared on the right. In the compound task, the Left button was pressed for an upright target, and the Right button was pressed for an inverted target. Design. There were three task conditions (simple, left-right, and compound tasks) and two dimension conditions (color and orientation targets). Different task conditions were divided into blocks, and equal numbers of color and orientation trials were shuffled within a block. Mixing trials of different dimensions within a block allows the analysis of intertrial effects. For simple task blocks, there were also target-absent trials; for left-right task and compound task blocks, there were only target-present trials. There were 80 trials in each left-right and compound block, and 320 trials were divided into two 160-trial simple task blocks (because only one-fourth of the trials were consecutive targetpresent trials). Hence, there were four blocks for each participant. Each block was immediately preceded by 15 trials for practice. This resulted in 540 trials for each participant. Block orders were counterbalanced.
Results and Discussion
In the analysis, only consecutive target-present trials were taken into account. Incorrect trials (1.9% of trials) and trials with RTs shorter than 200 ms or longer than 1,200 ms were omitted from analysis (3.2% of trials). Results of the remaining data are shown in Figure 2 . A three-way repeated-measures analysis of variance (ANOVA) was performed with RT as the dependent variable and with task, dimension, and dimension-specific intertrial relation (hereafter referred to as "intertrial relation") as the independent variables. The main effect of task was significant: The left-right task resulted in the fastest RTs, with the simple task next, and the compound task the slowest, F(2, 22) ϭ 68.58, partial 2 ϭ .86, p Ͻ .001; all comparisons between the tasks were significant, p Ͻ .001. Color trials were marginally faster than orientation trials, F(1, 11) ϭ 3.15, partial 2 ϭ .22, p ϭ .10, and there was a significant main effect of intertrial relation, thus showing a reliable dimension-switching cost, F(1, 11) ϭ 14.20, partial 2 ϭ .56, p Ͻ .01. The interaction between task and intertrial relation was significant, F(2, 22) ϭ 7.75, partial 2 ϭ .41, p Ͻ .01, showing that a dimension-switching cost existed in the simple task, 58.0 ms, F(1, 11) ϭ 35.98, partial 2 ϭ .77, p Ͻ .001, but not in the left-right task, 0.31 ms, F(1, 11) ϭ .00, partial 2 ϭ .00, p Ͼ .9, or the compound task, 13.0 ms, F(1, 11) ϭ .76, partial 2 ϭ .07, p Ͼ .4. Dimension-switching costs were not changed when target trials from the central columns were taken out from the analysis: simple task, 73.8 ms, F(1, 11) ϭ 12.91, partial 2 ϭ .54, p Ͻ .01; compound task, 21.0 ms, F(1, 11) ϭ 1.79, partial 2 ϭ .14, p Ͼ .2.
1 Because the left-right task resulted in the fastest RTs, it is possible that any dimension-switching costs were concealed due to a floor effect. However, as mean RTs are no faster than 500 ms, it appears to us that there is enough room for any effects to be visible in this range of RTs.
No other effects in the ANOVA were significant (all p Ͼ .5). The costs of dimension switching for each task and each participant were extracted so that a one-way repeated-measures ANOVA was performed to compare the dimension-switching costs among the three tasks. In this analysis, there was a significant main effect of task, F(2, 22) ϭ 7.49, partial 2 ϭ .41, p Ͻ .01. Paired t tests showed that the simple task led to a stronger dimension-switching cost than the left-right task, t(11) ϭ 4.55, p Ͻ .01, and the compound task, t(11) ϭ 2.26, p Ͻ .05, but the effects for the left-right and compound tasks did not differ, t(11) ϭ .97, p Ͼ .3.
The intertrial analysis suggests that dimension switching was only present in the simple task and not in the left-right or compound tasks. Because diffused attention is sufficient for both simple and left-right tasks, it is unlikely that it is the degree to which a task requires focal attention that determines the size of the dimension-switching cost, as a search-based account would suggest. On the other hand, the current findings are consistent with an assumption that dimension switching occurs only when dimensional modules drive task performance.
Experiment 2
Whereas the findings for Experiment 1 provided basic evidence against a search-based account for dimension switching, a second approach to explaining dimension-switching is that it is a response-based effect (Cohen & Magen, 1999; Mortier, Theeuwes & Starreveld, 2005) . Because FIT explains the dimensionswitching cost at a perceptual level, this possibility must be addressed before accepting an explanation based on FIT.
In a response-based approach, dimension-switching costs are attributed to the priming of some dimension-specific response mechanisms (Cohen & Magen, 1999) . In their dimensional-action model (Cohen & Feintuch, 2002; Cohen & Shoup, 1997) , Cohen and his colleagues have suggested that separate dimension-specific response mechanisms are responsible for initiating responses for stimuli defined in each dimension. Within this framework, a response is faster for consecutive trials defined in the same dimension because the corresponding dimensional response mechanism is prepared for the second trial, when compared to consecutive trials defined in different dimensions. A recent study by Mortier, Theeuwes, and Starreveld (2005) has provided support for this model by comparing visual search and nonsearch paradigms. Their underlying assumption is that the perceptual processes required for simple and compound searches are basically identical, so any performance differences between the two types of searches should 1 One possible confound between tasks is that the left-right task, unlike the others, had no target in the central column. reflect differences in response selection. They adopted a nonsearch task design so that there was always only one item displayed at a single location and replicated the dimension-switching findings of search experiments. A dimension-switching cost was observed only for a simple nonsearch task but was absent for a compound nonsearch task. Mortier et al. argued that because there were no searches in these tasks, dimension switching must occur at a response-selection stage (but see Müller & Krummenacher, 2006) .
If dimension switching in Experiment 1 occurred at the level of response selection, it may have few implications for the FIT framework, as FIT addresses perceptual and attentional processes. To further investigate this issue, we employed an attentionalcapture paradigm in Experiment 2 because attentional capture is believed to be independent of response procedures that occur during search. If, as Mortier et al. (2005) have suggested, simple and compound tasks differ only in terms of response requirements, one would not expect any performance differences between the two tasks in terms of attentional capture. However, it is important to make sure other factors, such as focal attention requirements, are controlled when comparing attentional capture between a simple task and other tasks.
Therefore, in Experiment 2, we adopted a similar rationale to that used in Experiment 1 in an attentional-capture paradigm. We measured the attentional-capture effects of a salient color singleton distractor while participants looked for an orientation target (see also Pashler, 1988) . FIT expects that attentional capture should occur when the master map is used. In this case, only the simple task should be immune from attentional capture, whereas both left-right and compound tasks should suffer from it. However, as discussed earlier, a search-based approach would expect that only the compound task would suffer from attentional capture because of its unique attentional requirement, which may disrupt dimensional weight settings. According to this analysis, the left-right task, like the simple task, should not show effects of attentional capture.
Method
Participants. Twenty-four students and staff (6 men, 18 women) from the University of Hong Kong participated in Experiment 2. One participant produced a high error rate, and her data were replaced. All participants reported normal or corrected-tonormal vision. They were paid HK$50 for a 1-hr session.
Apparatus and stimuli. The experimental settings and the appearance and the arrangement of the stimuli were similar to those in the orientation-target condition of Experiment 1; no color-target condition was used. In the singleton condition, a task-irrelevant, red vertical item replaced a normal gray distractor. In the nosingleton condition, all distractors were gray. In both conditions, across all three tasks, the orientation target appeared in the same way as in Experiment 1.
Procedure. The procedures were identical to those in Experiment 1, except that responses were made with the left and right Shift keyboard buttons instead of mouse buttons. Participants responded only to orientation targets and were told to ignore any color variation throughout the task.
Design. There were three task conditions (simple, left-right, and compound tasks) and two singleton conditions (singleton and no-singleton). Because only target-present trials were analyzed, the number of simple task trials was double that of the left-right or compound tasks. Each combination of task and singleton conditions constituted a block, except that simple task blocks were split into two halves. This resulted in eight blocks, with 80 trials each. Each block was immediately preceded by 15 practice trials. Before the experimental blocks, there were three practice blocks, 80 trials each, corresponding to the three tasks. Singleton conditions were mixed within these practice blocks. Across the 11 blocks (three practice blocks and eight experimental blocks), there were 1,000 total trials for each participant. Block orders were counterbalanced.
Results and Discussion
Only present trials were taken into account, and data were screened as in Experiment 1 (2.4% of trials were omitted due to an incorrect response, and a total of 1.9% of trials were omitted due to the RT limits). Results can be observed in Figure 3 . A two-way repeated-measures ANOVA was performed with RT as the dependent variable and task and singleton condition as the independent variables. Consistent with Experiment 1, there was a main effect of task, F(2, 46) ϭ 121.58, partial 2 ϭ .84, p Ͻ .001, with the left-right task resulting in the fastest RTs and the compound task resulting in the slowest RTs (all comparisons between tasks were significant, p Ͻ .001). There was a general singleton effect, F(1, 23) ϭ 11.92, partial 2 ϭ .34, p Ͻ .01, and a significant interaction between task and singleton condition, F(2, 46) ϭ 3.43, partial 2 ϭ .13, p Ͻ .05, reflecting differences in singleton effects across tasks. Singleton effects were significant in the left-right task, 30.1 ms, F(1, 23) ϭ 8.63, partial 2 ϭ .27, p Ͻ .01, and the compound task, 21.8 ms, F(1, 23) ϭ 8.76, partial 2 ϭ .28, p Ͻ .01, but not in the simple task, 1.3 ms, F(1, 23) ϭ .04, partial 2 ϭ .00, p Ͼ .8. These singleton effects were not changed when central column target trials were taken out from the analysis: simple task, 0.8 ms, F(1, 23) ϭ .01, partial 2 ϭ .00, p Ͼ .9; compound task, 20.66 ms, F(1, 23) ϭ 7.22, partial 2 ϭ .24, p Ͻ .02. The singleton effects were extracted from each participant and put as the dependent variable into a one-way repeated-measures ANOVA. The effect of task type was significant, F(2, 46) ϭ 3.43, partial 2 ϭ .13, p Ͻ .05, and paired t tests revealed that the simple task produced a smaller singleton effect than the left-right task, t(23) ϭ 2.82, p Ͻ .01, and a smaller effect than the compound task, t(23) ϭ 1.79, p ϭ .09. The effects of the left-right and compound task were not significantly different, t(23) ϭ .68, p Ͼ .5.
Experiment 2 showed attentional capture in the left-right and compound tasks but not in the simple task. As discussed previously, the left-right task controlled for the need for focal attention, so the present finding is not accounted for by the interplay between focal attention and master map weight settings. Because crossdimension attentional capture occurs at a perceptual level, a response-based approach (e.g., Cohen & Magen, 1999; Mortier et al., 2005) would also fail to provide an explanation for the discrepancies of attentional capture between the three tasks in Experiment 2. However, the findings are easily accommodated within an approach that assumes cross-dimensional interference occurs only when a task requires location of the target. These findings converge with those obtained in Experiment 1, in which attentional capture occurs only in tasks with no reliable dimension-switching cost. The complementary findings are explained by drawing a distinction between searches driven by separate dimensional modules and searches driven by a master map that responds to all dimensions.
Taken together, the results of Experiments 1 and 2 seem incompatible with a search-based account or a response-based account. The major problem of a search-based account is that it provides no mechanisms for predicting when attentional capture and dimension switching would occur under various task settings. Although the difference in focal attentional requirements between simple and compound tasks was a good candidate for such differences, this idea is not consistent with the present findings. In a left-right task that mimicked a simple task in terms of attentional demands, the findings of attentional capture and dimension switching were exactly the opposite of the effects in the simple task. These findings are difficult to accommodate within a search-based approach, in that they seem to rule out the possibility that attentional requirement differences may account for the discrepancies between the search tasks. Of course, it is possible that there are other factors affecting dimensional weighting that were not captured in the current experimental manipulation; this issue will be addressed in the General Discussion.
The current findings are also not explained by a response-based account. Although our dimension switching data may be consistent with a response-based account, our attentional-capture data cannot be explained in this way. On the other hand, the current findings are readily explained with the FIT approach. Here, crossdimension attentional capture occurs when a task depends on the master map, because signals on the master map do not distinguish dimensions. This explains the observed attentional-capture effect in the left-right and compound tasks, because both of them required location information about the target. In the simple task, search was expected to depend on dimensional modules. Because these modules operate separately from each other, distractors defined in a nontarget dimension did not capture attention or slow down target detection. On the other hand, dimension switching occurred when a task depended on the dimensional modules and when the target dimension switched across trials. For tasks involving the master map, search was driven by the same map across trials, and so there was no dimension switching. The current findings are consistent with this analysis: In the simple task, dimension switching was observed; in the left-right and the compound tasks, there was a lack of dimension switching.
Experiment 3
Although we have argued that the findings in Experiments 1 and 2 are explained best by a FIT framework, the findings could also result from a methodological confound. Kumada (2001) has pointed out that dimension-switching costs are only associated with a detection response (i.e., target-present-target-absent); when a task has a discrimination response, as in a left-right or a compound task, dimension-switching costs rarely occur. In our Experiments 1 and 2, only the simple task had a detection response, and this coincides with its unique dimension-specific performance (i.e., a dimension-switching cost and a lack of attentional capture). Therefore, it is possible that dimension-specific performance is a consequence of a detection response.
Experiments 3 and 4 were designed to address the potential confounding of response type (detection in simple tasks versus discrimination in left-right and compound tasks) that may be associated with dimension-specific performance. In Experiments 3 and 4, we created a situation in which targets were defined by a single dimensional value and location information was unnecessary. Under such a situation, FIT would expect search to be primarily based on dimensional modules. Therefore, shifting attention between dimensions should produce a dimensionswitching cost, and there should be an immunity from crossdimensional interference. To address the confounding of responsetype, target-absent trials were eliminated from these two experiments, and responses were made by discriminating between different types of targets. Therefore, if our findings in Experiments 1 and 2 were artifacts of response requirements, attentional capture but no dimension-switching costs should be observed.
In Experiment 3, dimension-switching costs were measured in a mixed-dimension feature-discrimination search task. In this task, two responses were mapped to two features in each of two dimensions (color and orientation). Therefore, two colors (red and green) and two orientations (tilted and horizontal) were used as four target types, all of which stood out from a background of gray vertical distractors. Search displays are illustrated in Figure 4 . Participants were asked to make one response to red or tilted targets and another response to green or horizontal targets.
Method
Participants. Ten students (5 men, 5 women) from the University of Hong Kong participated in Experiment 3. All participants reported normal or corrected-to-normal vision. They were paid HK$30 for a half-hour session.
Apparatus and stimuli. The search items used were identical to those used in Experiment 2 except that each item was a short bar with no gap. The target features (red and green colors, tilted and horizontal orientations) were selected so that they were identifiable without focused attention. Orientation categories were chosen on the basis of Wolfe, Stewart, Friedman-Hill, and O'Connell's (1992) findings. Therefore, in various conditions, the target was either red, green, tilted (30°rotated anticlockwise) or horizontal.
Distractors were vertical gray bars. On each trial, 12 items, 1 of them being the target, were distributed in a 23.8°wide, 17.4°tall, 4 ϫ 3 matrix, which formed 12 equally sized cells. Other settings were identical to those of Experiment 2.
Procedure. The procedures were identical to those in Experiment 2, except that participants made responses according to target identity. When the target was red or tilted, the left Shift key was pressed; when the target was green or horizontal, the right Shift key was pressed.
Design. The four target conditions were mixed within each block. In each experimental session, two identical experimental blocks of 160 trials followed a practice block of 100 trials. A target was present in each trial. Each experimental block was preceded by 15 practice trials. This resulted in 450 trials for each participant.
Results and Discussion
Data from the practice block were omitted from analysis; and, for the remaining two blocks, data were screened as in Experiment 1 (4.2% of trials were omitted due to incorrect response, and 4.4% of trials were omitted due to the RT limits). Results are plotted in Figure 5 . A two-way ANOVA was performed with RT as the dependent variable and target dimension and intertrial relation (i.e., whether the target dimension was consistent with a previous trial) as the independent variables. Main effects for both factors were significant. The main effect for target dimension showed that mean RTs for color target trials were marginally faster than orientation target trials, F(1, 9) ϭ 4.71, partial 2 ϭ .34, p ϭ .06. More importantly, the main effect for intertrial relation was significant, F(1, 9) ϭ 29.58, partial 2 ϭ .77, p Ͻ .001, which showed a dimension-switching cost of 37.2 ms. The interaction between target dimension and intertrial relation was not significant, F(1, 9) ϭ .88, partial 2 ϭ .09, p Ͼ .3. In Experiment 3, despite the change in response type, the dimension-switching cost remained intact with a magnitude similar to that observed in Experiment 1. This demonstrates that a dimension-switching cost is not necessarily associated with a detection response but can also be observed in a discrimination task as long as the task specifications allow responses to be directly initiated from perceptual dimensional modules.
A similar manipulation was necessary to control for response differences between conditions in Experiment 2. Therefore, in Experiment 4, search targets were always defined by orientation, and participants judged whether a target was tilted or was horizontal. In some blocks but not in others, a cross-dimensional irrelevant singleton distractor (a red color distractor) replaced a normal distractor. Attentional capture was measured as the RT difference between singleton and no-singleton blocks. Because search was expected to be primarily driven by perceptual dimensional modules, no attentional capture was expected by FIT.
Experiment 4

Method
Participants. Twenty-four students (10 men, 14 women) from the University of Hong Kong participated in Experiment 4. All participants reported normal or corrected-to-normal vision. They were paid HK$30 for a half-hour session.
Apparatus and stimuli. The search items used were identical to those constructed for Experiment 3 and were arranged on the computer display in the same fashion.
Procedure. The procedures were identical to those in Experiment 3; however, there were no red or green targets. Singleton blocks contained red singleton distractors; participants were told to ignore any color variation. When the target was tilted, participants pressed the left Shift key; when the target was horizontal, participants pressed the right Shift key.
Design. The two target types were mixed within each block. Each experimental session began with a practice block of 100 trials. Equal numbers of singleton and no-singleton trials were mixed randomly within this block. After that, two no-singleton blocks and two singleton blocks followed. Half of the participants worked on these blocks in an "ABAB" order, and the other half worked in a "BABA" order. Each of these blocks was preceded by 10 practice trials. This resulted in 460 trials for each participant. Data from the practice block were omitted from analysis; and, for the remaining four blocks, data were screened as in Experiment 1 (3.7% of trials were omitted due to incorrect responses, and 1.3% of trials were omitted due to the RT limits). Results are plotted in Figure 6 . A paired t test did not show any reliable attentional capture, 3.1 ms, t(23) ϭ .49, p Ͼ .6. The 95% confidence interval for the attentional-capture effect is between Ϫ10.0 ms and 16.2 ms.
In Experiment 4, our findings converge with those obtained in Experiment 3 and demonstrated dimension-specific processing in terms of a lack of cross-dimensional interference, despite the change of response from Experiment 2. This demonstrates that a lack of attentional capture is not necessarily associated with a detection response. Furthermore, these findings strengthened our conjecture that dimension-specific performance would be observed as long as the task specifications allow responses to be directly initiated from perceptual dimensional modules.
Taken together, the results of Experiments 3 and 4 show that dimension-specific processing is not associated with a particular type of response. The results also corroborated the conclusions of Experiments 1 and 2 and demonstrated that a locus of dimensionspecific processing is determined by whether location information is required. Whenever responses can be determined on the basis of a single dimension and location information is not critical, dimension-specific performance can be observed (a dimensionswitching cost and a lack of across-dimension interference). With these results, a search-based account fails to explain discrepancies between simple tasks (simple detection and feature discrimination) and localization tasks (left-right and compound tasks), a responsebased account fails to explain the attentional-capture findings, and an account based on differences between detection and featurediscrimination tasks fails to explain commonalities in performance across tasks. On the other hand, the FIT approach explains all of the current findings. In the next section, these accounts are examined in more detail.
General Discussion
We measured the time costs for dimension switching and crossdimensional attentional capture in four kinds of visual search tasks.
Findings for dimension-switching costs and attentional capture are complementary across these tasks. In a simple detection task and a simple feature-discrimination task, dimension switching occurred (Experiments 1 and 3), whereas there was no attentional capture (Experiments 2 and 4); in a left-right task and a compound task, there was no dimension-switching cost observed (Experiment 1), but attentional capture was evident (Experiment 2). Dimensionspecific performance occurred whenever targets were defined with primitive features and no localization was required.
These results are most readily explained by FIT (Treisman & Gelade, 1980; Treisman & Gormican, 1988; Treisman & Sato, 1990) . In this theory, search is based on either dimensional modules or the master map, depending upon whether the functional limits of each structure meet the search requirements. In the preattentive stage, because dimensional modules serve to detect but not localize features, only simple tasks (primitive feature detection or discrimination) are accomplished. Because each perceptual dimension has its corresponding module, with each module operating independently, simple tasks are expected to show a lack of across-dimension attentional capture; however, when the target dimension changes, a dimension-switching cost occurs because feature-based attention has to be moved from one dimension to another. For left-right and compound tasks, although dimensional modules are necessary for generating raw signals for the calculation of master map activities, they are not sufficient for locating targets, and so task performance depends on the master map. Because the master map pools signals from all dimensions to create a location-specific saliency representation, attentional deployment being driven by this map will suffer from interference produced by irrelevant cross-dimension signals; however, dimension switching does not occur as all searches utilize the same map, in which signals on the maps are integrated from all dimensions preattentively and in parallel.
Do Search-Based Approaches Explain the Current Findings?
The current results are difficult to account for using the searchbased approach, which is an extension of the GS model (Wolfe, 1994) . In this model, all searches go through the same set of visual processing steps; signals are first analyzed by dimensional modules, then integrated into the master map for guidance of attention, after which target identification and recognition occur. This model would expect no costs for dimension switching and a certain degree of cross-dimension interference in all search tasks. Our findings are clearly at odds with this prediction. The dimensionweighting variation of GS (Found & Müller, 1996) explains dimension switching in terms of a weight-setting process, so that with the setting of a proper weight, cross-dimension interference may be largely avoided. However, for this approach to be viable, one has to explain why this dimension-switching cost is usually reduced in compound tasks. A possible explanation is to assume that, in compound tasks, the within-trial changes in attentional demands or the spatial scale of visual processing (Krummenacher et al., 2002b ) may interfere with weight-setting processes and thereby reduce the dimension-switching cost. These possibilities, however, are not consistent with the experimental results reported here. For instance, this account provides no mechanism to distinguish simple and left-right searches, as they are both very similar in terms of the degree to which spatial attention is focused. However, a dissociation in dimension switching and attentionalcapture effects is still observed between simple and left-right searches. On the other hand, left-right and compound searches have quite different attentional requirements, and yet performance differences between these tasks were not observed.
Another possible explanation is offered by Müller and Krummenacher (2006) . In their study, they found an interaction between a dimension-specific intertrial effect (whether the target dimension on trial n Ϫ 1 was the same as that of trial n) and a responsespecific intertrial effect (whether the required response on trial n Ϫ 1 was the same as that of trial n), in that a dimension-switching cost was observed only when the response attribute was consistent over trials. When response attributes varied, there was no dimension-switching cost observed.
2 They suggested that there may be an implicit linkage between response selection and perceptual dimensions so that dimensional weighting occurs only when response attributes do not change across trials. This can partially explain the relatively small dimension-switching cost in compound tasks. On the other hand, in a simple task, because consecutive present trials always share the same response attribute, a larger average dimension-switching cost may be expected.
However, a post hoc analysis of our data is not consistent with this account. In Experiment 1, we replicated their finding in the compound task (Figure 7 , top-left panel) that only when response attributes remained consistent was a dimension-switching cost observed, 34.3 ms, F(1, 11) ϭ 5.70, partial 2 ϭ .34, p Ͻ .04, and this effect was stronger than when response attributes were changed, Ϫ6.1 ms, F(1, 11) ϭ .15, partial 2 ϭ .01, p Ͼ .7; Response-Specific Intertrial Relation ϫ Dimension-Specific Intertrial Relation, F(1, 11) ϭ 15.46, partial 2 ϭ .58, p Ͻ .01. In a similar analysis of our left-right task data (Figure 7 , top-right panel), however, there was no such interaction, F(1, 11) ϭ 1.34, partial 2 ϭ .11, p Ͼ .2, showing that the reduction in dimensionswitching costs does not necessarily correlate with the consistency of response attributes. Other converging data were found in Experiment 3 (Figure 7, bottom panel) . In this experiment, the interaction between response-specific and dimension-specific intertrial relations was evident, F(1, 9) ϭ 6.10, partial 2 ϭ .40, p Ͻ .04, and so resembled the situation for a compound task. However, the dimension-switching cost remained prominent (37.2 ms), showing that an inconsistent mapping between response attribute and target 2 They even found a numerical dimension-switching facilitation for this condition, although it was not statistically reliable. In the post hoc analysis of our compound task, we also replicated this numerical dimensionswitching facilitation. dimension can still produce a large dimension-switching cost overall. Further, this experiment demonstrated dimensionswitching costs both when response attributes were consistent across trials, 60.1 ms, F(1, 9) ϭ 16.08, partial 2 ϭ .64, p Ͻ .01, and when they varied, 15.1 ms, F(1, 9) ϭ 5.52, partial 2 ϭ .38, p Ͻ .05. This shows that even though a change of response might reduce the cost of switching dimensions, it is not the main determinant of the presence of such costs.
Taken together, our findings have demonstrated that a searchbased approach and a number of its variations are not sufficient to capture the large difference in dimension-switching costs (and attentional capture) between simple tasks and compound tasks. However, this does not mean that the concept of dimensional weighting is inconsistent with the FIT architecture. After all, some form of top-down, feature-based modulation of the master map is assumed by both FIT and GS (e.g., Treisman & Sato, 1990; Wolfe, 1994) , and it is likely that dimensional weighting is involved in these processes. In terms of the existing data, we propose that some form of dimensional weighting may be required to account for the usually observed, albeit small (ϳ10 ms), dimensionswitching costs in compound tasks (e.g., Krummenacher et al., 2002b; Kumada, 2001; Töllner, Gramann, Müller, Kiss, & Eimer, in press ), which is not directly accounted for by FIT. Consistent with this analysis, in a compound task, Töllner et al. (in press ) recently found an 8-ms dimension-switching cost in terms of the onset latency of the N2pc signal, which is interpreted as reflecting the perceptual stage of a target-selection process. This N2pc signal is unlikely to be confounded with other response-level processes, and so Töllner et al.'s findings suggest a perceptual dimensionweighting process. As they noted, this 8-ms dimension-weighting cost is unlikely to account for the stronger dimension-switching cost observed in other tasks. Their findings are consistent with our analysis that whereas attentional shifts between dimensional modules are responsible for the larger dimension-switching costs found in simple tasks, some dimension-weighting of master map signals may be responsible for the reduced dimension-switching costs in compound tasks.
Do Response-Based Approaches Explain the Current Findings?
Another approach in accounting for differences between simple and compound tasks is the dimensional-action model (Cohen & Feintuch, 2002; Cohen & Magen, 1999; Cohen & Shoup, 1997) . In this model, there are individual dimension-specific response mechanisms that correspond to each perceptual dimension. When a target dimension is consistent across trials, these response mechanisms are more primed than when the target dimension varies. Dimension-switching costs, measuring the mean RT difference between consecutive trials with consistent and inconsistent target dimensions, therefore arise in tasks with responses mapped to features defined in multiple dimensions (such as a mixeddimension simple task). In compound tasks (including the leftright task in this study), however, responses are consistently made according to response-defining features, which are defined in a single dimension. Dimension switching is therefore reduced because switching of dimension-specific response mechanisms is not required.
However, our findings are problematic for the dimensionalaction model because it does not provide an explanation of the cross-dimensional attentional capture results found here (Experiments 2 and 4) and in other studies (e.g., Kumada, 1999; Theeuwes, 1991 Theeuwes, , 1992 Theeuwes, , 1994 . In the attentional-capture paradigm, the singleton feature is never associated with any response and does not occur in the target dimension. The dimensional-action model does not provide any mechanism to account for the influence of the singleton. Of course, it is possible to attribute any crossdimensional attentional capture to the search process and any response-level effects to the dimensional-action model. However, this approach requires two independent processes to act in a perfectly complementary fashion, which seems unlikely. The consistency of the relationship between the two effects suggests that the unified explanation of FIT is superior to separate accounts for attentional capture and response-level effects.
Accounts Based on a Distinction Between Detection and Discrimination Responses
Other than general search-based and response-based approaches, the response requirements of a task could also have implications for task performance. Specific response requirements in each task can lead to subtly different search strategies and decision processes, which may in turn account for differences in dimension-switching costs and attentional capture. In this case, the current findings could still be explained within a unified account for both simple and compound searches.
One possibility can be derived from the dimension-weighting account by considering search strategies and decision processes. It has been suggested that dimension weighting can be set for multiple dimensions simultaneously (Krummenacher, Müller, & Heller, 2001 ). In compound tasks, when an irrelevant singleton is not present, the target is always the item with highest saliency. Hence, because the target-defining dimension is not relevant for making a response, one can locate a target by focusing attention on the location with maximum saliency and can ignore its source dimension. This strategy would lead participants to weight both target dimensions for every trial in compound tasks and would explain why there is no dimension-switching cost in compound tasks. Similarly, this approach proposes that attentional capture occurs for compound tasks because, when there is an irrelevant singleton, this strategy cannot be used, and so the response is slowed down because of the need to establish the dimensional identity of the target. For a simple detection task, however, there are also absent trials. In this situation, it is essential to differentiate a signal from noise. Obviously, this process requires a more precise weight setting so that noise from an irrelevant dimension does not interfere with the decision. Here, intertrial dimensionweighting processes may be crucial for accomplishing the search. With strong dimensional weighting, a dimension-switching cost and the absence of attentional capture are explained in a simple detection task.
However, our findings in Experiments 3 and 4 suggest that this possibility is unlikely, as here a target was always present. According to the search processes specified in GS, the target must first be located before the target feature can be determined. Therefore, the entire search process of our feature-discrimination search is identical to a left-right or a compound task. Because a target is always present, there are no longer any reasons (e.g., to avoid across-dimension noise) to fully weight the target dimension before search. Simultaneously weighting both target dimensions could reliably support location of a salient target and allow subsequent target-feature discrimination. This leads to the erroneous prediction that there should be no dimension-switching costs for Experiment 3; instead, we observed a strong dimension-switching cost (37.2 ms) in this experiment. Similarly, this account would lead to a prediction of attentional capture under a featurediscrimination task, because both target dimensions are weighted. This was not observed in the RTs of our Experiment 4 (3.1 ms).
A similar possibility was built upon a response-based account (Mortier, van Zoest, Meeter, & Theeuwes, 2007) . In their study, they compared the effects for advanced cueing of target dimensions in four mixed-dimension search tasks. A close correlation has been demonstrated between a dimensional-cueing advantage and dimension-switching costs in the recent literature (e.g., Müller, Reimann, & Krummenacher, 2003; Theeuwes, Reimann, & Mortier, 2006) . Whenever dimensional cueing can facilitate search in a task, a dimension-switching cost is present under a similar task setting. Coinciding with the basic rationale of our current study, they made use of the left-right task to investigate whether task difficulty predicts the dimensional cueing effect. Across their tasks, they showed that dimensional cueing facilitated search only when a target must be detected (i.e., simple detection task), but not when a target must be localized (i.e., left-right task or making saccades to targets); task difficulty did not have an effect. They also found that these results were independent of response-mode, by testing both manual responses and eye-movement responses.
Although the findings of Mortier et al. (2007) converge with ours and show that dimensional cueing depends upon whether a search task requires location of a target, they offered a responsebased explanation that still assumes a GS-based search approach. Their basic assumption was that a dimension-specific response mechanism was involved only in their detection tasks. In their dimension-weighting account of response selection," they assumed that the master map is never weighted to a particular dimension. However, whereas a localization response can be based directly on the information in an unweighted master map, because (at least in their task) the target is always the most salient item, they reasoned that a detection response requires one to take account of multiple dimensional signals, as an absent response requires one to ensure there are no signals coming from any dimension. Therefore, they suggested that dimensional weighting may occur during the response selection stage, as it is essential for distinguishing a signal from noise.
We reasoned that this account is also unlikely, although it is more compatible with the dimension-switching cost observed in Experiment 3. By attributing dimension-weighting to a response level, it becomes more reasonable to assume that knowledge of a target dimension may facilitate response initiation. Therefore, a heavier weight may be assigned to the response mechanism for the target dimension that may lead to a dimension-switching cost. However, the assumption that dimension-weighting operates in a response stage fails to explain our attentional-capture findings. As all the search processes are assumed to be unweighted in this account, it always predicts attentional capture at least in pop-out searches (Theeuwes, 2004) . This is obviously at variance with our findings in the simple task (Experiment 2) and the featurediscrimination search (Experiment 4), where attentional capture did not occur.
Relations to the Attentional-Capture Literature
The current study explains discrepancies in attentional capture and dimension-switching effects between simple and compound tasks by drawing a distinction between the roles of dimensional modules and the master map. However, we do not wish to suggest that all cross-dimension effects should be accounted for by this distinction. In the last two decades, there have been a number of studies showing that attentional guidance is influenced by stimulus-driven factors (e.g., Theeuwes, 1991 Theeuwes, , 1992 Theeuwes, , 1994 , goaldirected factors (e.g., Bacon & Egeth, 1994; Folk & Remington, 1998; Folk, Remington, & Johnston, 1992) and attentional factors (e.g., Belopolsky, Zwaan, Theeuwes, & Kramer, 2007; Theeuwes, 1990 Theeuwes, , 2004 . These attentional-capture studies have generally addressed compound search findings, in which the locus of focal attention deployment can be investigated (Duncan, 1985) . Although we contend that cross-dimension effects like attentional capture are structurally constrained in simple tasks and are only possible in compound tasks, we do not deny the possibility that there are other mechanisms modulating the cross-dimension effects in compound tasks. For example, it is evident that attentional settings or search strategies play important roles in determining cross-dimension attentional capture (Bacon & Egeth, 1994; Folk & Remington, 1998; Folk et al., 1992) . We realize that these topdown settings or strategies may very likely be implemented through attentional processes similar to those described in the dimension-weighting model (Müller et al., 2003) . As we have discussed previously, the dimension-weighting model is fully compatible with a FIT architecture. However, this analysis is only valid for searches such as compound tasks that depend on focal attention and attentional guidance.
Other Factors Affecting the Involvement of Dimensional Modules and the Master Map
In our analysis we have argued that our simple tasks (detection and feature-discrimination) are performed on the basis of raw outputs from dimensional modules whereas compound tasks (leftright and compound) are driven by the master map. However, performance in some simple search tasks may depend on the master map. For example, consider the well-known visual search phenomenon of search asymmetry (Treisman & Gormican, 1988) . A search asymmetry occurs when swapping the target and the distractor in a search task drastically affects search efficiency. Within an asymmetry, performance is normally efficient when the target is defined by the presence of a feature (e.g., tilted) and is inefficient when the target is defined by the absence of the feature (e.g., not-tilted). In FIT, search asymmetries emerge because dimensional modules, which support parallel search, only serve to detect features. When the target is defined by the absence of a feature, a (partially) serial search must be engaged and the master map is likely to be involved to guide attention to potential target locations.
This analysis would lead to a prediction that attentional capture should occur even for a simple search when the target is defined by an absence of a feature. Indeed, cross-dimensional attentional capture (by luminance and size singletons) was reported in simple searches for a vertical target among tilted distractors (Proulx & Egeth, 2008) . This finding is consistent with FIT but is not predicted by other attentional-capture accounts. For instance, a perceptual load account (Lavie, 1995) or an attentional-window account (Belopolsky et al., 2007; Theeuwes, 2004) would predict that attentional capture should be reduced under situations in which search is inefficient. Here, although such crossexperimental evidence is subject to uncontrolled variables, FIT is consistent with the observation that attentional capture occurs only for the inefficient condition in a pair of asymmetrical searches.
Another simple search in which the master map may be involved is search for a redundantly defined target. In a redundanttarget search, the target is uniquely defined in multiple (for instance, two) dimensions so that the search can be based on either or both of the relevant dimensions. A priori, FIT does not make a clear prediction as to whether a redundant-target simple search involves the master map. The search can be performed by relying on either dimensional module, but it might be advantageous to rely on the master map, because the integration of multiple dimension inputs could potentially produce a stronger signal, which would result in faster target detection.
This possibility was addressed in two simple search studies by Krummenacher et al. (2001 Krummenacher et al. ( , 2002a . In their studies, they compared the fast end of RT distributions of singly defined targets and redundantly defined targets. They found not only that a redundant target resulted in faster average RTs compared to singly defined targets but also that the fastest RTs in a redundant target search were faster than the fastest RTs in singly defined target searches. This suggests that the human visual system takes advantage of the integration of multidimensional signals on the master map rather than simply making a response based upon a dimensional module.
Although Krummenacher et al. (2001) explained the intertrial dimension-switching costs observed in their study by proposing an integration of multidimensional signals in terms of simultaneous dimensional-weighting, we see our account as equally consistent with their findings. They found a dimension-switching cost when participants encountered singly defined targets from opposite dimensions on consecutive trials; more importantly, they also found a switching cost when participants switched from a singly defined target to a redundant target and from a redundant target to a singly defined target. In terms of FIT, these findings are related to how responses from dimensional modules and from the master map are coordinated. Let us assume that response codes generated by the two routes 4 are gathered by a common response device. We suggest that preattentive and attentive response code generation may operate fairly independently until response signals are gathered and that the common device serves both to choose a candidate response and to begin its execution (cf. Cohen & Feintuch, 2002; Cohen & Shoup, 2000) . As a result of priming, consecutive trials that prompt the device to select the same route may lead to a faster response than trials that switch between routes. Such a "route selector" device may select a response on the basis of the activity strengths of each route.
Singleton Effects in Simple Tasks?
Our theoretical framework is supported by the lack of attentional capture found in two singleton-distractor experiments (Experiments 2 and 4). Based on the assumption that dimensional modules operate independently, a strong interpretation of FIT would predict no attentional capture in a legitimate simple search task. However, the reality is that we did occasionally find some weak singleton effects in simple tasks, in pilot experiments and in extended analyses of the presented data, particularly when singleton and no-singleton trials were mixed within a block. Do these observations provide a challenge for our theoretical conclusions? To address this issue, we analyzed practice block data from Experiment 4, in which singleton and no-singleton trials were mixed. This analysis showed a marginal singleton effect, 14 ms, t(23) ϭ 2.04, p ϭ .053, and suggests that singleton effects, although still relatively weak, are larger for simple tasks in a within-block manipulation.
We propose that singleton effects for simple tasks were more observable in a mixed design than in a blocked design because in the latter there were more incentives to maintain attention towards the target dimension and also to withstand bottom-up attraction from the singleton dimension. In a blocked design, a singleton is either always present or always absent. In a singleton-present block, participants would likely engage in a top-down attentional set to bias attention to the target dimension; in a singleton-absent block, attention would be deployed to the target dimension easily without deliberation. However, in a mixed block with singleton and no-singleton trials randomly occurring, a full attentional set may be less consistently maintained, especially after consecutive no-singleton trials.
Consistent with this line of thought was that even in a blocked design, it may become more difficult to maintain a top-down attentional bias over a long period of time. 5 In an extended analysis of Experiment 4, we found that although there was no overall singleton effect, there was a small singleton effect when comparing singleton conditions in the last two blocks. Despite its small size, 13 ms, t(23) ϭ 2.39, p Ͻ .03, the effect was significantly larger than the singleton effect measured in the first two blocks, F(1, 23) ϭ 5.00, partial 2 ϭ .18, p Ͻ .04. In fact, there was no reliable singleton effect in the first two blocks, Ϫ7 ms, t(23) ϭ .75, p Ͼ .4.
This hypothesis, that dimension-based attention was the result of competition between a top-down attentional set and bottom-up attraction, is tentative but shows that although singleton effects might be occasionally observed for simple tasks, this finding does not by itself falsify FIT. Equally, this proposal does not reduce the falsifiability of the present argument because FIT still produces the testable prediction that, everything else remaining identical, a simple task should produce a smaller singleton effect than other tasks that require involvement of the master map. The hypothesis itself also produces testable predictions; for instance, it suggests that capture for simple tasks is nonspatial, while on the other hand capture for compound tasks has both spatial and nonspatial components (e.g., Folk & Remington, 1998; Theeuwes & Burger, 1998) .
Conclusion
The results of the current study support a notion of behavioral response routines being initiated directly from dimensional modules, without going through a master map. Therefore, it may be assumed that there are at least two possible outputs following visual search processes that support subsequent response selection. One of the outputs is provided by the master map-object recognition route. The role of the early perceptual system in triggering responses through this route is to guide attention to a relevant object, through the operation of the master map. After attention is deployed to the target, object recognition processes may then be initiated and responses may be triggered.
On the other hand, another output route is initiated by the dimensional modules. Within these modules, there are feature maps that signal the presence of each prototype feature (Treisman & Gelade, 1980; Treisman & Gormican, 1988) . To initiate responses, these features may be mapped to responses. This proposal coincides with the recent suggestion that the dimensional response system is distinct from the object recognition response system (Cohen & Feintuch, 2002; Cohen & Shoup, 2000) .
To conclude, we have demonstrated that visual search performance does not need to rely on a master map, as long as (a) the target can be defined on a single perceptual dimension and (b) no spatial localization is required. In this situation, we found intertrial facilitation when the preceding trial required a response from the same dimension and also an immunity from cross-dimension singleton interference, neither of which is predicted by a model that requires all searches to proceed through the master map. We argue that the current results require models of visual selective attention to adopt the FIT architecture regarding the relationship between dimensional modules and the master map.
